The effect of heat treatment for rice husk was investigated on the removal of arsenite in ground water by the adsorption onto the rice husk surface. The heat treatment was performed at the temperature from 80˚C to 300˚C in the closed system under anoxic environment. The continuous adsorption column method was applied for the removal of arsenite. The removal efficiency (75%) with rice husk treated at 150˚C was better compared to those (54%) obtained with untreated rice husk. Therefore, the heat treatment of rice husk at relatively low temperature was effective for the enhancement of arsenic removal from water. The treatment conditions of As removal from aqueous solution were optimized. The developed treatment technique was applied into the real ground water sample in Bangladesh. The As concentration in sample water after treatment was approximately 18 and 8 μg/L, which was below the WHO guideline value of maximum admissible level of arsenic in ground water for Bangladesh (50 μg/L). The developed technique might become a potential avenue for simple and low cost arsenic removal methods.
etc.) which consisted of toxic metals. Arsenic (As) is among the most hazardous elements existed in effluents. Although both organic and inorganic forms of arsenic exist in natural water, inorganic arsenic occupies the major portion. Predominant species of inorganic arsenic in water are arsenite As(III) and arsenate As(V) [1] . Arsenite is 25 -60 times more toxic than arsenate [2] , and has less efficiency to the surface of various adsorbents compared with As(V) because As(III) exists mainly as nonionic H 3 AsO 3 in natural water with pH value ranging from weakly acidic to weakly alkaline [3] [4] .
A number of treatment techniques such as adsorption, cation exchange, lime softening, reverse osmosis, coagulation and precipitation have been developed for arsenic decontamination. Adsorption has been paid more attention due to its simplicity, cost effectiveness, eco-friendly and availability of wide range of adsorbents [5] [6] . Rice husk (RH) is a well-known low cost adsorbent for removal processes. It contains abundant floristic fiber, protein and functional groups such as carboxyl, hydroxyl and amidogen which make adsorption process possible [7] [8] . The direct use of rice husk for arsenic removal has been reported in the recent studies [5] [9] [10] . However, the low removal efficiency of reported methods limited the practical application. Recent research efforts have been focused on the modification of RH surface in order to improve the arsenic adsorption efficiency. Mondol et al. [11] examined the removal of trivalent arsenic (As(III)) from contaminated water by CaCl 2 -impregnated rice husk carbon. Agrafioti et al. [12] reported the arsenic removal from water using biochar derived from rice husk. In the study, the removal of only As(V) was tested, and the maximum adsorption efficiency was 2.59 μg/g, which was very poor compared with other conventional techniques. Moreover, relatively high temperature (300˚C) was used for preparing biochar. Therefore, there is little information on the As(III) removal in water with rice husk heated at relatively low temperature.
The present study has dealt mainly with enhanced removal of arsenite from ground water by adsorption onto RH treated at relatively low temperature.
Experimental

Chemicals
All Chemicals and reagents used in this work were of analytical-grade purity. Potassium arsenite (KAsO 2 , Wako, Japan) was used for preparing As(III) stock solution. NaOH, KOH, HCl, HNO 3 and H 2 SO 4 (Nacalai, Japan) were used as chemicals. Ultrapure water was obtained from an ultrapure Advantac RDF260 water system resulting in a resistivity of >18.0 MΩ•cm.
Preparation of Sorbent Medium
RH used in this study was obtained from Bangladesh. The chemical composition of RH has been reported as 49.3 wt% oxygen, 44.6 wt% carbon and 5.6 wt% hydrogen (by elemental analysis); 34.4 wt% cellulose, 29.3 wt% hemicellulose, 19.2 wt% lignin and 17.1 wt% ash (by component analysis); and 59.5 wt% volatiles, 17.1 wt% ash and 7.9 wt% moisture (by proximate analysis) [13] . RH was washed several times with pure water, followed by drying in an oven at 60˚C for 24 h. Dried rice husk was put in a close steel chamber, and was heated in the oven at a given temperature during 2 hours. The treated RH was cooled and sieved into five fractions: particle size 710 -850 μm (avg. 780 μm), 600 -710 μm (avg. 655 μm), 425 -600 μm (avg. 510 μm), 355 -425 μm (avg. 390 μm), and 150 -355 μm (avg. 250 μm).
Arsenic Adsorption Treatment
The glass column (2 × 30 cm) equipped with a stopper for controlling the treatment rate was used to the As removal. The heat treated RH was packed into the column. After the pH of the solution was adjusted to desired value with HCl and NaOH solutions, the 100 mL solution was passed through the adsorption column at a given flow rate. The treatment factors including the heat treatment temperature of RH (80˚C -300˚C), adsorbent dosage (0.5 -7 g), average particle size (250 -780 μm), treatment flow rate (0.6 -20 mL/min), initial sample concentration (50 -500 μg/L), and pH (4 -13) were evaluated. The treatment flow rates of 0.6, 0.8, 1.7, 3.3, 6.7, 10 and 20 mL/min corresponded to retention time of 5.3 min, 4 min, ~109 s, ~58 s, ~29 s, ~10 s and ~6 s, respectively, for 1 g of heat treated RH. The flow rate was constantly maintained by regulating the stopper valve. The removal experiments were performed at ambient temperature. The number of experiments for the removal of As was three and average value was taken. Concentration of arsenic was determined by graphite furnace atomic absorption spectrometer (GFS97, Thermo Electron Corp.) under the following conditions: resonance line, 193.7 nm (As hollow cathode lamp); pyrolysis temperature, 1200˚C (20 s); atomization temperature, 2600˚C (3 s); and matrix modifier, nickel nitrate (10 mg/L). The removal (adsorption) efficiency was calculated using the following equation:
Removal adsorption efficiency (C C ) C 100 = − ×
where C 0 and C e are the concentration of As in the sample solution before and after treatment, respectively.
Results and Discussion
Effect of Heat-Treated Rice Husk
The effect of heat treatment for RH on As removal are presented in Figure 1 . With untreated RH, the removal efficiency was only 52%. However, the efficiencies with heat treated RH increased to 60% -74%. When the thermogravimetry analysis at <309˚C was performed for RH, the TG curve presents three mass loss stages in the range of 37 -118, 118 -220 and 220 -309 due to the weight loss of organic constituents and residual H 2 O water [14] . The thermal treatment of RH under poor oxygen atmosphere leaded to the production of black RH ash (carbon). The black RH ash contains larger proportion of carbon than the RH ash produced by other techniques [15] . Heat treated RH may have very high porosity and become good adsorbent for the adsorption of metal [16] . The amorphous carbon with high porosity might be responsible for the increment of As removal efficiency. At 300˚C, RH surface might enrich silica since a part of organic substances gets lost during the heat treatment. The heat treatment at 150˚C was selected for further investigation.
The influence of particle size of heat treated RH on As removal was investigated. The removal efficiency with average particle size of 790 μm was maximum.
Effect of Adsorbent Dose
The effect of adsorbent dose on the As removal with heat treated RH was studied. The As removal efficiency sharply increased with increasing the adsorbent amount from 0.3 g (47.9%) to 1.0 g (74.1%), then the efficiency gradually increased to 91.5% with the dose up to 3.0 g. The maximum removal efficiency (96.6%) was obtained with 5.0 g of dose. The better efficiency with larger dose may be attributed to the availability of more active sites for heat treated RH [17] [18].
Effect of Flow Rate and As Concentration
The influence of flow rate on the As removal with heat treated RH was investigated in the aqueous solution, and Figure 1 . Effect of heat treated rice husk on the removal of As(III) from aqueous solution. As concentration: 100 μg/L; sample pH: 6.5; heat treated RH: 1.0 g; particle size: 600 -850 μm; flow rate: 1.7 ml/min. the optimum flow rate was 6.7 mL/min. Next, the effect of As concentration on the removal of As using heat treated RH was evaluated. The removal efficiency decreased with the increase in initial As concentration. Therefore, arsenic uptake increased with increasing initial concentration. From the data for the As uptake amount against unit weight of adsorbent (μg/g), arsenic adsorption amount (μg/g) increased with increasing initial As concentration up to 400 μg/L. This means it that adsorption capacity of As was 22 μg/g for heat treated RH. The value was better compared with those obtained with untreated RH (16 μg/g ).
Effect of Sample pH
The pH of the aqueous solution is an important factor in the metal adsorption studies, as it affects the dissociation of cation exchange groups on the adsorbent, stability of metal complexes and speciation of metals during reaction [19] . Therefore, the effect of sample pH on the As removal with heat treated RH was studied in the pH range from 4 to 13. The maximum efficiency was observed at pH 6.5. The higher removal efficiency at near neutral pH can be attributed to the lack of electrostatic repulsion between the surface and the neutral As(III) species. The physical adsorption and interaction between the H 3 AsO 3 species and the heat treated RH surface might be partly responsible for the removal of As(III). The adsorption process at near neutral pH may play very significant role in the practical treatment of As-contaminated water.
Reaction Mechanism
Adsorption is a complex process involving several mechanisms which include adsorption (chemisorption), complexation on surface and pores, ion exchange, micro-precipitation and surface adsorption [20] . As(III) adsorption with heat treated RH surface can be attributed to the fact of physisorption and affinity adsorption.
Application to Real Water Sample
The utility of heat treated RH was evaluated for the treatment of As-contaminated groundwater of Bangladesh. The treatment parameters contained the heat treatment temperature 150˚C, average particle size 790 μm, flow rate 6.7 mL/min and adsorbent amount 5.0 g. The results are presented in Table 1 . From the present data, the arsenic was successfully removed from practical As-contaminated groundwater. The desorption efficiencies with 100 mL of 1 M KOH were 53% and 50%.
Conclusion
The Adsorption of arsenite onto heat-treated rice husk was very effective for the removal of As from ground water. The proposed column treatment system was suitable homemade approaches to arsenite removal in local areas. Direct removal of arsenite can be achieved without first oxidizing arsenite to arsenate, whereas the traditional methods require the oxidation process. Since rice husks are abundant agricultural wastes, they are readily available. University. Any opinions, findings, conclusions or recommendations expressed in this paper are those of the authors and do not necessarily reflect the view of the supporting organizations.
